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ABSTRACT 

Two-point correlation and spectral equations f o r  t h i s  case are  de- 

rived from the equations of f l u i d  and electrodynamics. Solutions are 

obtained by assuming t h a t  the turbulent f i e l d  i s  homogeneous and weak 

enough f o r  t r i p l e  correlations t o  be negligible. For i n i t i a l  conditions, 

it i s  postulated t h a t  the turbulence i s  i n i t i a l l y  isotropic, and t h a t  

the turbulent magnetic f i e l d  fluctuations a re  i n i t i a l l y  zero. 

action of the mean magnetic f i e l d  with the turbulent velocity f i e l d  then 

The in te r -  

causes magnetic-field fluctuations t o  a r i s e  a t  l a t e r  t i m e s .  I n  general, 

the  turbulent energy i n  the mechanical and magnetic modes tends toward 

equiparti t ion for large values of t i m e  o r  of mean magnetic f ie ld .  How- 

ever, when t h e  kinematic viscosity i s  much less than the e l ec t r i ca l  

r e s i s t i v i t y  (o r  magnetic diffusivi ty) ,  as f o r  l iqu id  m e t a l s ,  equiparti- 

t i o n  i s  not approached before the turbulence i s  damped out by the mean 

magnetic f ie ld .  

INTRODUCTION 

Turbulence i n  conducting f lu ids  i n  the presence of magnetic f i e l d s  

has received considerable attention i n  recent years. 1-5 

in te res t  i n  t h i s  type of turbulence stems from i t s  importance i n  cer ta in  

Most of the 

astrophysical and geophysical applications. 
I :. 

t 
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vide an effect ive means f o r  obtaining deductive information on turbulence 

from the  basic equations.6'8 I n  principle the analysis could be extended 

t o  stronger turbulence by considering more points i n  the f l u i d  as i n  

Ref. 9. 

One of the important problems i n  magneto-fluid dynamic turbulence 

i s  the ultimate pa r t i t i on  of turbulent energy between the mechanical 

and magnetic modes. Some authors have argued t h a t  there should be an 

cosmic rays, and the geomagnetic f i e l d  appear t o  be related, respectively, 

t o  turbulence i n  the sun, i n t e r s t e l l a r  space, and the earth's core. Some 

of the astro- and geophysical aspects of magneto-fluid dynamic turbulence 

are discussed i n  the book by Cowling.5 

I n  the present study we try t o  gain some understanding of magneto- 

f lu id  dynamic turbulence by considering an idealized model f o r  which a 

solution can be obtained. 

of homogeneous turbulence i n  a conducting f luid.  

bulence w i l l  decay w i t h  time, so tha t  it i s  necessary t o  produce it 

i n i t i a l l y  by some means, for  instance, by passing the f l u i d  through a 

grid. 

i n i t i a l l y  absent i n  such a system, it w i l l  be seen tha t  they can a r i s e  

a t  l a t e r  times because of the interaction of the turbulent velocity 

f i e l d  w i t h  the imposed mean magnetic f ie ld .  

turbulent f i e lds  will be carried out. 

determinate, it i s  assumed tha t  the turbulence i s  weak enough fo r  t r i p l e  

correlations t o  be negligible. 

A uniform magnetic f i e l d  i s  imposed on a f i e l d  

Such a f i e l d  of tur- 

Although turbulent fluctuations i n  the magnetic f i e l d  are 

A two-point analysis of the 

I n  order t o  make the problem 

This method of analysfs appears t o  pro- 

approximate equiparti t ion of energy between the two modes, whereas others 
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have indicated tha t  the turbulent magnetic and vo r t i c i ty  f i e l d s  should 

be similar. 

d e w  i s  given i n  Ref. 5. 

give some insight i n to  t h i s  problem. It w i l l  be seen tha t ,  at  l ea s t  

f o r  the model considered here, the turbulent energy tends ultimately 

t o  be dis t r ibuted equally between the mechanical and magnetic modes. 

A summary of the arguments fo r  and against each point of 

It i s  hoped tha t  the  present study w i l l  

BASIC EQUATIONS 

It is'assumed tha t  the dynamics of the conducting f l u i d  are de- 

scribed by the following equations: 

Navier - S t  oke s e quation: 

% 

, 

Continuity e quat i on: 
v * u = o  4 

Maxwell ' s equations: 

O h m ' s  l aw:  

+ 
where D s ign i f ies  a substantial  derivative, u i s  the instantaneous 

velocity, t i s  the time, p the density, p the instantaneous pressure, 
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3 the instantaneous e l ec t r i ca l  current, 3 the  instantaneous magnetic 

f ie ld ,  po the permeability of f ree  space, E the  instantaneous e l ec t r i ca l  

f i e ld ,  u the  e l ec t r i ca l  conductivity, e, the charge on an electron, and 

ne the number density of' electrons. mks units are used throughout. The 

f l u i d  properties are  assumed constant i n  Eqs. (1) and (6), and the usual 

magneto-fluid dynamic approximations are made i n  Maxwell's equations. 

The last  term i n  Eq. ( 6 )  is, of course, the Hall current; t ha t  current 

a r i s e s  because of the force V x 5 which ac t s  on the electron gas as 
+ 

it moves through the f lu id  with the re la t ive  velocity 3. 
V i s  re la ted t o  3 by the equation 3 = -neecV. 

The velocity 
4 4 

Taking the cur l  of Eq. (6), and using ( 3 ) ,  (4), and (5)  resu l t  i n  

With the  use of the vector ident i t ies  

+ v x  (vx;;) = v ( v .  u)  - v d 

v x  (tiu) = 0 

and Eqs. ( 2 )  and (4 ) ,  Eq. ( 7 )  becomes 
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I n  component form t h i s  equation can be wri t ten as 

(9 )  

where Eijk has the value 0 when i, j, and k a re  not a l l  differ-  

ent. When the subscripts are a l l  different,  Eijk has the value +1 

when they are i n  cyclic order and 

The subscripts i n  Eq. ( 9 )  can take on the values 1, 2, o r  3, and a re- 

-1 when they are i n  acyclic order. 

peated subscript i n  a term indicates a summation of terms, w i t h  the sub- 

scr ip t  successively taking on the values 1, 2, and 3. 

The term 3 x T*s i n  Eq. (1) can be wri t ten as 

Equation (1) then becomes, when written i n  component form, 

Inasmuch as we will be considering a steady mean magnetic f ie ld ,  as well 

as a f luctuat ing f ie ld ,  we write the instantaneous f i e l d  as 

.-a 

b i  = b i  + B i  (11) 

where bi i s  the fluctuating component and Bi i s  the steady mean 

component of the magnetic f ie ld .  Then Eq. (10) becomes 
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(bkbk + 2bk% + (12) 
l a  

ZPOP ax, - -  

The average value of Eq. ( 1 2 )  i s  

where the overbars indicate average values. Subtracting Eq. (13) from 

(W, 

Similarly, Eq. ( 9 )  becomes 

Equations (14)  and (15) are  the equations f o r  t he  velocity and magnetic 

f i e l d  at  a point P i n  the fluid. I n  order t o  construct two-point 

correlat ion equations, those equations are also writ ten at another point, 

say P': 
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Two-point correlation equations. - If we muJ-tiply Eq. (14) by u '  

and Eq. (16 )  by q, add the two equations and take average values, we 
J 

obtain 

I n  obtaining this equation use w a s  made of the f a c t  that quantit ies at  

on@ point are independent of the  position of the other point. Jntroduc- 

- x gives, f o r  homogeneous turbulence and a ing the  variable r = x '  

uniform mean mgnet ic  f ie ld ,  

- 
i i i  
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.- 

An equation f o r  the correlation between the velocity and the magnetic 

f i e l d  i s  obtained by multiplying Eq. (14) by b3, Eq. ( 1 7 )  by 

performing operations similar t o  those used i n  obtaining Eq. (19). 

9, asld 
This 

gives 

Similarly f r o m  Eqs. (15) and (161, 



, 

The equation for  the two-point magnetic f i e l d  correlation i s  obtained from 

Eqs. (15) and (17 )  as 

By an argument similar t o  t h a t  given i n  Ref. 10, it can be shown tha t  

the term (a/&k)(biUkbj - biu&b3) i n  the l a s t  equation is zero for  r =O. 

Thus, that term can be interpreted as the Fourier transform of a term 

- 

which transfers magnetic energy between eddies of various sizes. 

The pi.essure and magnetic-pressure terms i n  Eqs. (19) t o  (21), 

that is, terms containing a/&, or a/&,, can be interpreted as 

transferring energy (or  correlation) between the directional components. 

The argument is similar t o  t ha t  given i n  Ref. 10. 

preceding correlation equations, or t h e i r  Fourier transforms will be 

Other terms i n  the 

interpreted l a t e r  i n  the paper. 

To obtain equations fo r  the pressure and magnetic-pressure terms, 

Then take the divergence of Eqs. (14) and (16) and apply continuity. 

Eq. (14), fo r  instance, becomes 
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Multiplying t h i s  equation by u '  averaging, and introducing the variable 

r r e su l t  i n  
j' 

-+ 

(24) 

By taking the Fourier transform of t h i s  equation it i s  easy t o  see that 

the quantity i n  brackets w i l l  be zero i f  the t r i p l e  correlations are 

neglected. 

other pressure and magnetic-pressure terms i n  Eqs. (19)  t o  (21) w i l l  be 

zero i f  the t r i p l e  correlations are  neglected. 

correlations and assuming t h a t  the mean magnetic f i e l d  i s  i n  the direc-,  * 

t i o n  Bg, the s e t  of Eqs. (19) t o  (22)  becomes 

(See f o r  instance Eq. (14), Ref. 9. ) Similarly a l l  of the 

Thus neglecting t r i p l e  
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Spectral equations. - In order to convert Eqs. (25) to (28) to 

spectral form, define the following three-dimensional Fourier transforms: 

I 4 - b  

lJ- 
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By using these relations, the Fourier transforms of Eqs. (25) t o  (28) 

are obtained as 

x B 3 ( ~ i ~ K m K Z P Z  j + Eimk%nK3pkj + Ejm3KmKZPiZ + ej~,%#3p1 

(36) 

A s  they stand, most of the 36 equations represented by (33) t o  (36)  are 

interrelated.  

pears t o  be important t o  do so. However, i f  the Hall-current terms are 

neglected (large n e  o r  a), a considerable simplification is  obtained, 

inasmuch as 1% i s  then only necessary t o  solve three equations simultane- 

ously. 

they may not be fo r  a r a r i f i e d  plasma. 

The solution could be carr ied out numerically i f  it ap- 

The H a l l  currents are negligible for  a l iquid metal, although 

It appears t ha t  the results w i l l  

s t i l l  be useful f o r  giving an insight i n to  some of the physical processes 

occurring i n  t h i s  type of turbulence. 
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If we neglect H a l l  currents and compare Eqs. (34) and (35), we f ind  

tha t  the re la t ion  

i n i t i a l  time. 

P;j = - .  Pi holds fo r  all  times i f  it is  t rue  at  an 

Here it will be assumed t h a t  the magnetic f i e l d  fluctua- 

t ions  are i n i t i a l l y  zero, so that the above re la t ion  will hold. Thus, 

the se t  of Eqs. (33) t o  (36)  becomes 

I n  these equations cpij 

energy and 

energy. 

but with opposite signs. 

term which t ransfers  turbulent energy between the mechanical and magnetic 

modes . 

i s  a spectrum tensor f o r  turbulent velocity 

Pij/(p0p) i s  a corresponding tensor f o r  turbulent magnetic 

The term i 2 B 3 ~ 3 P i  j/( pop*) occurs i n  both Eqs. ( 3 7 )  and (39),  

Thus it can be interpreted as an interchange 

Solution of spectral  equations. - A general solution of Eqs. ( 3 7 )  

t o  (39) i s  
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:&+ v ) K ? t  - to] - v p  

where 

*(-) 

and (c,) ( c , ) ~ ~ ,  and (c,) are constants of integration. 

I n  order t o  evaluate the consllants of integration, we use the con- 

d i t ions  tha t  the turbulence i s  i n i t i a l l y  isotropic and that 

i P l j  are i n i t i a l l y  zero. 

assumption that the magnetic f i e l d  fluctuations are  zero at  

53' ij 

P and 
i j  

The l a s t  two conditions correspond t o  the 

t = to. The 
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interact ion of the &an magnetic f i e l d  and the velocity fluctuations 

will then cause magnetic f i e l d  fluctuations t o  a r i s e  at  l a t e r  times, and 

i n  addition, w i l l  cause the turbulence t o  become anisotropic. 

t i o n  that the turbulence i s  i n i t i a l l y  isotropic means that, f o r  weak 

turbulence, 

The assmp- 

as given by Eq.. (43) i n  Ref. 6. The quantity Jo i s  a constant that 

depends on i n i t i a l  conditions and Sij  i s  the Kronecker delta.  For 

the  foregoing i n i t i a l  conditions, the constants of integration are 

and 
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When s, as given by Eq. (43) becomes imaginary, the Pollowing solu- 

t i on  can be use& 

x e=[- (2 *O + v ) K 2 ( t  - to] (48) 

where 
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d 

and 

The foregoing spectral  quantities are h c t i o n s  of the components 

of 2 as well as of i t s  magnitude. I n  order t o  obtain quantities that 

are functions only of the magnitude 

i n  wave-nu&er space. Thus, as suggested by Batchelor, we define the 

quantity $ by the equation 

K we integrate over a l l  directions 

i d  

where A i s  the area of a sphere of radius K. Letting r = 0 i n  

Eq. (29)  shows that 

Thus qi3 dK gives the contribution from wave number band dK t o  

yu3 ,  and a plot of qij against K shows haw contribvtions t o  y u  

are distribuked among the various wave numbers or eddy sizes. 

- - 
j 

Equations (40) t o  (54) can be written i n  spherical coordinates by 

sett ing,  
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K~ = K sin cp s i n  8, K3 = K cos e 
(57) 

Then Eq. (55) becomes 

The component cp33 and cpii are independent of t he  angle cp. Thus 

Eq. (58) becomes, f o r  $rii, 

I J f i i  = 43rK2 ' p i i  aces e>  (59) 

S p e c t m  functions Corresponding respectively t o  

change term i n  Eqs.  (37) and (39), are 

Pii, and t o  the inter-  

and 

Similar expressions a re  used t o  calculate $r33 and S133. Computed 

spectra of the various turbulent quarkities w i l l  be considered i n  the 

next section. For &ing the calculations, the indicated integrations 

in Eqs. (59), (60), and (61) were  cam5ed out numerically. 

RESULTS AM) DISCUSSION 

Figure 1 shows dimensionless spectra of the  energy contained i n  the  - 
turbulent velocity f i e l d  (spectra of %%/2). Curves are  shown f o r  
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values of opov of low7, 0.5, and 2. The low value of upo” corresponds 

i n  order of clagnittlde t c  l iqu id  netals, vhereas the higher values may 

approximate those fo r  cer ta in  raref ied astrophysical plasmas. 

When plotted with the s imilar i ty  variables used i n  Fig. 1, the 

* spectrum f o r  no magnetic e f fec ts  (B3 = 0 )  does not change with t i m e ,  so 

t h a t  conrparison of the various curves indicates how magnetic forces will 

a l t e r  the spectrum. I n  a l l  cases the curves fo r  Bg f 0 l i e  below 

those f o r  

f ie ld .  For the two lower values of q o v ,  the  areas under the curves 

decrease as B t  increases. However, f o r  

cated, and fur ther  increases i n  

bulent velocity energy. 

B” = 0, thus illustrating the s tabi l iz ing e f fec t  of the magnetic 3 

upov = 2, a minimum i s  indi- 
9 

B3 cause a re la t ive  increase i n  tur- 
0 

These effects are sham more clear ly  i n  Fig. 2 

where values of ana are plot ted against B;. 

The subscript 0 i s  f o r  E!: = 0. The ordinates were obtained f r o m  the 

areas under spectrum curves such as those i n  Fig. 1 and similar curves 

f o r  \1’33m For high values of B: the velocity fluctuations f o r  

upo” = 2 are  nearly as strong as those f o r  BS = 0, although the spectra 

differ .  

zero fo r  large values of B:, the  ra te  of approach t o  zero being much 

gra te r  f o r  the  lower value of‘ 

For opov < 1, the velocity fluctuations decrease and approach 

opov. 

This damping of the velocity fluctuations seems t o  be related t o  the 

. _  darkness of sunspots, as discussed by Cowling ( R e f .  5). The magnetic 

f ie ld  i n  the sunspot apparently reduces the turbulence i n  that  region, 

and thus reduces the convective heat transport  t o  the surface, Thus 

the surface appears dark. Inasmuch as cpov i s  l e s s  than 1 f o r  the sun, 
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Fig. 2 indicates that t h i s  damping of the turbulence should take place if 

the mean magnetic f i e l d  i n  the sunspot i s  suf f ic ien t ly  large. 

The energy i n  the turbulent magnetic f i e l d  will be considered next. 
- 

Dimensionless spectra of bibi/2 

that the trends f o r  s m a l l  BS 

velocity f i e l d  shown i n  Fig. 1. As B: increases, the  turbulent Magnetic 

are plot ted i n  Fig. 3, where it i s  seen 

are opposite t o  those fo r  the turbulent 

energy, i n  general, increases re la t ive t o  the turbulent velocity energy 

f o r  no magnetic f ie ld .  

energy f o r  B; = 0 

Bg = 0.) For larger  values of E$ the variation i s  more complex. How- 

ever, it appears that for a l l  values of 

transferred between the mechanical mode and the magnetic mode by the 

interchange term i n  Eqs. (37)  and (39) .  

(The comparison i s  made re la t ive  t o  the velocity 

since the turbulent magnetic energy is  zero f o r  

* 

BS, turbulent energy i s  being 

The integrated interchange term a s  calculated by Eq. (61)  i s  plot ted 

i n  Fig. 4. 

indicates, t h a t  turbulent energy i s  being t ransferred from the mechanical 

t o  the magnetic mode. For q 0 v  = 2 and l o w  values of Bg (not shown) 

That term i s  predaminantly positive f o r  upov < 1, and thus 

the interchange term i s  also preduminantly positive. However, f o r  

B: = 1 6  (Fig. 4 (c ) ) ,  Iii That is, f o r  i s  predominantly negative. 

alJ.0~ > 1, energy i s  transferred f r o m  the  magnetic t o  the mechanical mode 

at high of Energy can apparently be transferred from the * 
velpcity t o  the fluctuating magnetic mode because the iimgnetic l lne8 of 
force in the mean imposed magnetic f i e l d  tend t o  follow the fluid motions, 
a t  least at high values of conductivity or  of Qflov. 
velocity fluctuations tend t o  scramble the magnetic l h e 6  of forceO4) 
If, on the other hand, the fluctuating magnetic energy happens t o  be 
very large, the tansion In t h e  l ines  of force tends t o  straighten them 
out and reduces the  fluctuating magnetic energy. Thus energy can be 
transferred in both directions. 

I 

(The turbulent 

Saaae of the curves In Figs. 4(b) and ( c )  exhibit multiple peaks and 
I ~ U e y s ,  the effect being part icular ly  pronounced forb& - 2 and 

For that case Fig. 4(c) indicates that the rnargy transfer . 
bo In one dtrect ion a t  a given wave number and In the opposite direct ion 
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at a s l igh t ly  different  wave nuniber. 

opov = 0.5 

positive, rather than negative. 

t o  (39), some of the curves i n  Figs. 1 and 3 a l so  have a wavey appear- 

ance. I n  a l l  cases the number of peaks increases as B: increases, I n  

the curve i n  Fig. l(b) f o r  

a large number of very small peaks, butt they am too  small t o  show up i n  

the plot.  

t i m e  increases, f o r  a fixed B3, the  number of peaks i n  the spectrum 

curves will increase. 

A similar curve was obtained for  

and B3 = 16, but the cmre  i n  t h &  case was predominantly * 

Because of the interact ion of Eqs. (37)  

opov = 0.5 and B; = 128, there are  actual ly  

The quantity BS i s  proportional t o  (t - to)1/2, so t h a t  as 

A necessary condition fo r  the development of nrultiple peaks seems 

t o  be tha t  the energy i n  the mechanical and magnetic modes be of the same 

order of magnitude. opov = low7, or 
f o r  other values of opov when B$ i s  small, inasmuch as the energy i n  

the magnetic mode i s  much l e s s  than that i n  the mechanical mode f o r  those 

cases. 

between the mechanical and magnetic energy at  a par t icular  value of 

It seems reasonable that the waviness observed i n  the spectra should 

Thus the e f fec t  does not occur f o r  

The second term i n  Eq. (38) i s  proportional t o  the difference 
-k 
K. 

develop when the two quantit ies are of 

Comparison of Figs. l ( a )  and 3(a) 

i s  contained i n  the magnetic mode for  

sp i te  of the  fact that the  interchange 

0.5 a re  of the same order of magnitude 

the same order of magnitude. 

indicates that negligible energy 

opov = 10’~. 

terms f o r  up v = 10-7 and f o r  

(see Figs. 4(a) and ( b ) ) .  Co- 

This o c c u s  i n  

0 

parison of the interchange term and e l e c t r i c a l  dissipation terms i n  

Eq. (39) shows that they are very nearly equal. Thus, f o r  opoy = 
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nearly a l l  the energy tha t  i s  transferred out of the mechanical mode i s  

dissipated immediately by e lec t r i ca l  resistance. The energy dissipated 

by e l ec t r i ca l  resistance is  of the same order of magnitude as that dis- 

sipated by viscous action f o r  all three values of 

by comparison of Figs. 1 and 3 and the diss ipat ion terms i n  Eqs. (37 )  

q 0 v ,  as can be seen 

and (39). The r a t i o  of the dissipation term f o r  magnetic energy t o  that  

f o r  mechanical energy (integrated over a l l  direct ions)  i s  the same as 

the r a t i o  of an ordinate on Fig. 3 t o  a corresponding ordinate on Fig. 1 

divided by q o v .  

Par t i t ion  of turbulent energy between velocity and ma@;netlc f ie lds .  - 
A point of considerable physical in te res t  i s  the par t i t ion  of turbulent 

energy between the mechanical and magnetic modes. 

b i b i / ( p O T y )  and bg/popu$ plotted against BS. For the two higher 

values of the m s  approach one f o r  large values of t i m e  or of 

B3. On the  other hand, f o r  q ~ o v  = lom7, the r a t io s  are essent ia l ly  0 

fo r  v a l ~ s  of B% up t o  130~10~. For the higher values of ~ L O V ,  ap- 

Figure 5 shows 
7 - - - 

q o v  

preciable turbulent energy remains i n  the f l u i d  when equiparti t ion of 

energy i s  approached, but fo r  opov = the turbulent energy i s  

damped out by the  mean Magnetic f i e l d  without approaching equiparti t ion 

(see Figs. 2 and 5 ) .  

thir an QILI be thouqQlt of a6 due to the fact that the meon meplatlc 
1- of force are not pulled about by the veloci ty  f i e l d  except for  
fluids of very high conductivity (high UAoY 

wlth the aid  of Eqs. (37) t o  (39). 
duc0 a posi t ive contribution t o  the change in  the t ransfer  term when the 
mechanical energy I s  greater than  the magnetic energy 
Reference t o  Eqs. (37) arid (39) then shows that i ts  e f fec t  will 

a of auctuatw lrpgrwtic energy in 
y - -  

). 
e The tendency of the energy t o  approach equiparti t ion can be explained 

The second +,em ir, Eq. (38) w i l l  pro- 

and vice versa. 
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be t o  produce equality of energy in  the mechanical and magnetic modes, 

For wov = 2, the r a t i o  of magnetic t o  mechanical energy becomes grea.+ar 

than 1 before leveling off at unity. 

the dissipation rate f o r  mechanical energy i s  greater thaa t h a t  f o r  

This evidently can occur because 

magnetic energy i n  that case. 

It has been suggested tha t  cosmic rays are caused by the accelera- 

t i on  of charged par t ic les  by wandering (or  turbulent) magnetic f i e lds  i n  

in t e r s t e l l a r  space.n Inasmuch as cqrov i s  probably greater than one 

f o r  t h i s  case, Fig. 5 indicates that the required turbulent magnetic 

f i e l d  should ex is t  i f  a turbulent velocity f i e l d  and a m a n  magnetic 

f i e l d  are present. Inasmuch as opov i s  probably greater than one i n  

in t e r s t e l l a r  space, the energy is  the turbulent magnetic f i e l d  should be 

at l eas t  as -ea% as ahat i n  the velocity f ie ld .  

Par t i t ion of turbulent energy between directional components. - An- 

other point of in te res t  i s  the par t i t ion of the mechanical and fmgnetic 

energy hetween the directional components. 

bg/(bibi/3) are plotted against 

- 
Values of n:/(3.3/3) and of - - 

BS i n  Figs. 6 and 7. A value of one on 

the  ordinates of these curves indicates that the three directional com- 

ponents of the mechanical and the magnetic energy are  equal, inasmuch as 

ul = $ and bl = b2 from symnetry considerations. 

considerable interchange between the directional components. 

- -  - -  
2 2 2  The curves indicate 

T h i s  may 

be somewhat surprising i n  view of the f ac t  t ha t  the pressure-force terms, 

which are u s w l l y  associated with the t ransfer  between directional cm- 

ponents, are absent i n  the present case. 

t r ibu ted  t o  a difference i n  the decay ra tes  and i n  the t ransfer  between 

The interchange might be at- 

the magnetic and mechanical modes for the three directional components. 
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For large values of €3; the curves fo r  opov = 0.5 and 2 approach 

one. Those for  lower values of w0v tend t o  approach 1.5 and then, 

except fo r  ~ L O V  = 10' and decrease toward one. Equal energy can 

evidently occur i n  the three directional components because each of 

Eqs. (37)  t o  (39) i s  identical  fo r  the three components. 

effects  of i n i t i a l  conditions as given by Eq. (44) are negligible f o r  

large values of 

magnetic energy could be equal, as shown i n  Figs. 6 and 7. 

Thus, i f  the 

BS the three components of the mechanical and the  

CONCLUSIONS 

Turbulent energy is  transferredbetween the mechanical and magnetic 

modes by an interchange term i n  the spectral and correlation equations, 

t h i s  term being proportional t o  the mean magnetic f ie ld .  A term i n  the 

equation of change f o r  the interchange term i s  proportional t o  the dif- 

ference between the mechanical and magnetic energy and causes energy t o  

be transferred i n  such a direction t h a t  it tends t o  produce equiparti- 

t i o n  of energy between the mechanical and e l ec t r i ca l  modes. 

peaks can develop i n  the spectrum curves when the energy i n  the mechan- 

i c a l  and magnetic modes i s  of the sane order of magnitude. When the 

k inemt ic  viscosity i s  much less than the e lec t r ica l  resistivity (or  

magnetic d i f h i v i t y )  as f o r  l iqu id  metals, most of the e n e r a  trans- 

ferred art of the  mechanical mode i s  dissipated immediately by e l ec t r i ca l  

r e s i s t a c e .  

the interchange term, i n  t h i s  case, i s  ineffective i n  producing equi- 

pa r t i t i on  of energy. Except fo r  very l o w  ra t ios  of kinematic viscosity 

Multiple 

Thus very l i t t l e  energy resides i n  the magnetic mode, and 

t o  e l ec t r i ca l  resistivity, the turbulent energy i n  the velocity md 
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magnetic fields tends t o  be equally divided between the directional cam- 

panents for large values of t i m e  or  of mean magnetic field.  
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FIGURE LEDGEmDS 

( c )  opov = 2.0. 

Fig. 1. - Dimensionless spectra of energy i n  turbulent velocity f ie ld ,  - 
u-i%/2. 

~~ 

Fig. 2. - Ratio of mean turbulent velocity fluctuations t o  those f o r  no 

magnetic f ie ld .  

(b) op0v = 0.5. 

( c )  opov = 2.0. 

Fig. 3. - Dimensionless spectra of energy i n  turbulent magnetic f te ld ,  

~ 

(a) wov = 10-7. 

(b) ~ O V  = 0.5. 

( e )  opov = 2.0. 

Fig. 4. - Dimensionless interchange term f o r  t ransfer  of energy between 

mechanical and magnetic modes. 
~~ ~ 

Fig. 5. - Ratio of turbulent energy i n  magnetic mode t o  that i n  mechanical 

mode. 

Fig. 6. - Ratio of component of turbulent mechanical energy i n  direction 

of mean magnetic f i e l d  t o  average direct ional  component. 

Fig. 7. - Ratio of component of turbulent magnetic energy i n  direct ion of 

mem magnetic f i e l d  t o  average directional component. 
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